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The Anatomy and Histology
of the Adrenal Gland
BERYL A. CHERNICK, '62

GROSS ANATOMY
The adrenal glands are small, paired,
yellow bodies encased in the loose areolar
tissue of the perirenal fat body in relation
to the superior part of each kidney. In
the adult, the right gland is at the level
of the lowest two thoracic vertebrae,
while the left gland extends from the
intervertebral disc between the lowest two
thoracic vertebrae to the level of the middle of the first lumbar vertebra. Each
gland measures about five by three by
one-half centimetres and weighs between
three and four grams, the left gland being the larger. Flattened by th estructures
surrounding them, the right gland is pyramidal while the left appears semilunar in
shape. Both glands are retroperitoneal
with their posterior surface against the
diaphragm and their base next to their
respective kidney. The contours of the
anterior surface of the right gland are
formed by impressions from the liver and
the inferior vena cava, while those of the
left gland are moulded by impressions
from the stomach and pancreas. On either
side, these visceral areas are separated by
the hilus of the gland through which the
adrenal vein exits.
The adrenal gland is covered by a thick
collagenous capsule which sends trabeculae
and a supporting reticulum into the gland
substance. This capsule is highly vascular
and contains lymphatics and a nerve
plexus. On gross section of the adult
gland, the outer cortex appears yellow,
while the thin, enclosed medulla is dark
red. These layers are actually two funcJANUARY,
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tionally distinct endocrine glands found in
this close association only in mammals.
Derived from two different embryonic
germ layers, the adrenal has a complex
development in the human.
DEVELOPMENT OF
THE ADRENAL CORTEX
The adrenal cortex is derived from
three distinct mesodermal cell types. Two
are from the celomic epithelium, and the
third is from the mesonephros, during the
embryonic period. These cell types are defined on the basis of nuclear size and
structure, and are numbered according to
their order of appearance.
Celomic Epithelial Cells
Type C-1 cells are large and polyhedral.
Their large round nucleus contains little
chromatin, a large, round, slightly eosinophilic nucleolus which is eccentrically
placed, and a spherical lipoid inclusion.
T ype C-111 cells are the smallest cells
with the smallest nuclei. The large amount
of chromatin material in the nucleus tends
to aggregate into a few large clumps. The
nucleolus is more central, while the irregularly shaped lipoid inclusion is eccentrically placed.
Mesonephric Cells
T ype C-11 cells are intermediate in size
and staining between the other two cell
types. The threads of cromatin are in a
spider-like formation just beneath the
nuclear membrane with the nucleolus
1

--The Anatomy and Histology of the Adrenal Gland---forming the body of the spider. There
are two or more central ovoid lipoid inclusions.
The adrenal primordium can first be
recognized about the beginning of the
fourth week of intrauterine life. T ype C-1
cells are pushed in cords from the celomic
epithelium to the mesenchyme between
the dorsal mesentery and the mesonephros.
At a more caudal level, the epithelium is
producing the same type of cells which
are destined for the gonad. Moving toward their respective glandular areas, the
cells enlarge from low, cuboidal cells with
condensed nuclei and little cytoplasm to
their large, characteristic state.
Type C-II cells begin their differentiation into two groups in the medial wall
of Bowman's capsule of the mesonephros
early in the fifth week. Massive migration of cells of the ventral group forms a
four to six cell layer across the ventral
surface of the primordium next to, but
not interfering with, cells entering from
the celomic epithelium. The dorsal group
forms a nidus which sends cells into the
dorsolateral portion of the primordium.
Early in the fifth week, type C-III cells
begin their migration in cords next to, but
discrete from, the cords of type C-1 cells
which continue to move into the primordium.
About the middle of the fifth week,
type C-11 cells from the nidi migrate to
the adrenals and the gonads. They come
to lie on all surfaces of the adrenal, forming a loosely organized capsule with its
celomic surface in direct contact with the
peritoneum. Soon, growth in the area separates the gland from the peritoneum.
The capsule becomes better organized
with a covering layer of fibrous tissue and
with arteries appearing on its surface. By
the beginning of the sixth week, a definite
capsule is formed which takes over the
function of being the source of cortical
cells. Cell types C-1 and C-111 are found
in a ten to twelve cell layer just central to
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the capsule. The frequent mitotic figures
in this layer are mainly due to dividing
blood cells and developing capillary endothelium.
Until the end of the fourth week, the
adrenal primordium, extending between
the sixth thoracic and first lumbar segments, is cigar-shaped. About the middle
of the fourth week, neural elements,
which will later form the medulla, migrate from the caudal end to the dorsal
part of the gland. Early in the fifth week,
the diameter of the caudal end has more
than doubled, while that of the cephalic
end has only enlarged slightly.
The migrating neural elements tend to
pass between the cells of the cortical primordium, separating it into islands. The
cortical elements are soon reorganized so
that cell types C-1 and C-III become closely packed in the outer zone next to the
cell type C-II capsule. More centrally, cells
of all three types are grouped into cords
by the developing sinusoids. As the sinusoids increase in number, the thickness of
the cords is reduced. The cortical cells
continue to grow rapidly and steadily
until birth.
In the eighth week, the glomerular zone
of the cortex is formed just central to the
capsule. It consists of nests of cells of
types C-1 and C-111, held in place between
the penetrating arterial capillaries by capsular C-11 cells which were dragged into
the gland by these vessels. Daughter cells
from these glomeruli are continually
pushed centrally by capillary tributaries of
the sinusoids. They are joined by type
C-11 cells which are moving centrally
along the capillaries and sinusoids so that
all three types become incorporated into
the cords.
Normally, there are no distinct fascicular and reticular zones in the fetal gland,
but the entire central portion is called the
fasciculoreticular zone. It appears mottled, with light, degenerating cells, and
dark, intact ones. About the end of the
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second month, the cytoplasm of all of the
cells in this zone becomes finely granular
and very eosinophilic. Then the cords of
cells apparently disintegrate centrally, followed by a collapse of the gland around
its central veins. However, the rapid multiplication of cells in the glomerular zone
prevents complete collapse, and makes
cord regeneration and disintegration a
continuous process. This replacement of
cord cells keeps the gland plump and the
capsule smooth during fetal life.
Disintegration is progressive in most of
the cells as they move centrally. Their
cytoplasm changes from a light, homogeneous basophilic color to a deeply,
granular acidophilic color, with lipoid inclusions. Both the cell and its nucleus
swell greatly. The nucleus autolyzes and
the cell collapses, whereupon the surrounding cells fill in the space.
"Fetal cortex" is the term applied to
this fasciculoreticular zone. It is composed
of cells derived from the same sources as
the permanent cortex. The involution of
the "fetal cortex" begins immediately after
birth with marked degenerative changes
and hyperemia. Disorganization of the
cortical elements of this zone, which is
central to the basophilic capsule and
glomerular zone, is nearly completed in
the first postnatal week. In four to six
weeks, the compensatory shrinking of the
gland is complete. During the first postnatal month, there is, therefore, great folding of the capsule. The "fetal cortex" is
replaced by the fascicular and reticular
zones of the adult cortex and by the
adrenal medulla. However, in the fetus,
the adrenal gland is a relatively large organ; whereas after birth, it is relatively
small.
During a two or three year, postnatal,
regenerative period, the fascicular and
reticular zones of the cortex develop from
cells of the capsule and glomerular zone.
The cords of the fascicular zone are formed early, their cells passing centrally.
Some of these disintegrate while the reJANUARY,
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mainder retain their integrity and continue to travel in cords. Lacking the support of the neighbouring cords of the
fascicular zone, these attenuated cords become tortuous to produce the reticular
zone. This zone is poorly organized until
the end of the twelfth year when it assumes its permanent characteristics.
HISTOLOGY OF THE ADULT
ADRENAL CORTEX
Although the transitions between the
three zones in the adult gland are gradual,
each zone has a characteristic microscopic
appearance. The short columnar cells of
the glomerular zone are closely packed in
ovoid groups or columns. The nuclei stain
darkly, while the scanty cytoplasm contains clumped basophilic material and a
variable amount of lipid. The mitochondria are filamentous, and the juxtanuclear
Golgi apparatus is compact.
The cells of the radially arranged cords
of the fascicular zone are large and polyhedral with one or two central nuclei in
each cell. The cytoplasm is basophilic or
contains basophilic clumps especially in
the more peripheral cells of this zone.
Lipid droplets, which are of uniform size
in any one cell, are so numerous, especially peripherally, that the cytoplasm appears vacuolated. Next to the glomerular
zone, where there are mitotic figures, the
cells are relatively free of lipid. The mitochondria appear less numerous and the
Golgi apparatus less compact.
The cells of the anastomosing cords of
the reticular zone differentiate very gradually from those of the fascicular zone.
Their cytoplasm contains fewer lipid droplets and the Golgi apparatus is either compact or fragmented. Centrally, the cells
are either light, with pale staining nuclei
and few mitochondria; or dark, with pyknotic, hyperchromatic nuclei and many
mitochondria. With age, the cells acquire
a yellow or brown pigment. These cells
and their nuclei shrink and are phagocytised. Many cells in both the fascicular and
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--The Anatomy and Histology of the Adrenal Gland---peripheral reticular zones are always degenerating by swelling and disinteg ration.
DEVELOP~ OF THE
ADRENAL MEDULLA

The three cell types seen in the development of the adrenal medulla are derived
from ectoderm of neural crest origin.
They differentiate into paravertebral Sympathetic ganglia (from the sixth thoracic,
to the first lumbar vertebra) at the beginning of the fourth week of intrauterine
life, and are characterized by their nuclei.
Type M-1 cells are small, with small,
round, compact nuclei. They tend to be
located peripherally in the ganglion.
Type M-Il cells contain nuclei with
coarsely clumped chromatin. Some of
these cells have a teardrop nucleus and
may have developing axons.
Type M-Ill cells, called paraganglion
cells, have ellipsoid nuclei with scanty
chromatin evenly distributed in fi ne particles. Until they mature into chromaffin
cells, their nucleoplasm characteristically
stains pale lilac with Malloryazan.
During the early part of the fourth
week, the ganglia are growing due to
mitoses and to the addition of nerve fibres
from the rami communicantes. In the middle of this week, ventral and lateral nerves
appear to leave the ganglia, surrounded by
type M-1 cells and with type M-Ill cells
scattered among the fibres . The nuclei of
M-1 cells become ellipsoid at this time.
Type M-Il cells stay behind to become the
sympathetic ganglion cells.
The main invasion of the adrenal primordium proceeds until the fifth week.
The cortex is entered mainly on the ventral side of its caudal end, so that most of
its neural elements are derived from the
eleventh and twelfth thoracic ganglia.
During the fifth week, the sixth thoracic
to first lumbar ganglia provide the neural
elements for the formation of the abdominal sympathetic plexus. No terminal
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nerves enter the adrenal after encapsulation, and those that enter before, mainly
at the hilus, maintain their portal of entry.
After their invasion, the neural elements are quiescent for two weeks. Then,
type M-Ill cells begin to multiply rapidly
as embryonic cells for about six weeks.
However, from the eighth week until just
after birth, some of these cells are differentiating into chromaffin cells. These cells
and the neural elements are scattered randomly in the cortex during fetal life.
When the fetal cortex begins to degenerate in the first postnatal week, the neural
elements lose their support, and they
gravitate toward the central veins by the
end of the first postnatal month. Between
twelve and eighteen months, the medulla
assumes its adult appearance with an irregular boundary between it and the cortical reticular zone which projects into the
medulla.

IDSTOLOGY OF THE ADULT
ADRENAL MEDULLA
The medulla is very vascular, with its
irregular cells in rounded groups or short
cords. Chromaffin cells, which exhibit
fine brown cytoplasmic granules when
stained with potassium dichromate, have a
characteristic arrangement, each lying between a capillary and a venule. The
chromaffin granules are at the venous end
of the cell while the nucleus is at the
arterial end. The chromaffin reaction can
first be seen in the fifth prenatal month.
Single or grouped sympathetic ganglion
cells can be seen with their axons ending
on the chromaffin cells. There are also
some small cells which appear to be the
same as the paraganglion or primitive
chromaffin cells.

DEVELOPMENT OF THE
ADRENAL BLOOD SUPPLY
Until the invasion of the neural elements disorganizes them, the blood supply
and return of the primordium are entirely
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segmental between the mesonephric arteries and the postcardinal vein. Thereafter,
the blood supply, which is still from the
mesonephric arteries, comes to the periphery of the gland. The number of veins of
drainage is reduced to one or not more
than three, which empty into the subcardinal vein.
With the development of the metanephric kidney and its relative cephalic
movement, and with pressure from other
surrounding structures, the adrenal primordium is shortened from its cigar-shap
to a pyramid. A medial lip from its triangular base overhangs the kidney. When
the cortex recovers from the neural invasion, its sinusoids are formed in the central part of the gland by anastomoses of
its many capillary sinuses. Three central
veins are thus formed which drain the
trilobate gland into a single vein of exit
at the hilus. The adrenal vein empties into
the inferior vena cava on the right side,
and by a longer course into what becomes
the left renal vein on the left.

Medulla
Some arterioles pass right through the
cortex to the medulla where they break
up to form the rich capillary networks
around the medullary cells. These capillaries drain into the same veins that drain
the cortex and unite to form the central
veins which leave the gland as the adrenal
vern.
The larger veins have numerous longitudinal smooth muscle cells and are lined
by endothelium. They are surrounded by
collagenous fibres which merge with the
capsule. The lining cells of the capillaries
are endothelial but those of the sinusoids
belong to the reticulo-endothelial system.

LYMPHATICS
The lymphatics, which are restricted to
the capsule, its cortical trabeculae, and the
connective tissue around the large veins,
drain into the lateral aortic lymph nodes.
NERVE SUPPLY

Cortex

The adrenal gland has the most profuse
nerve supply relative to its size. The
adrenal plexus, formed by branches from
the celiac ganglion, celiac plexus, and the
greater sympathetic nerve, supplies a rich
nerve plexus including some sympathetic
ganglion cells in the capsule of the gland.
Medullated preganglionic fibres pass
through the cortex in the trabeculae to
synapse with the chromaffin cells of the
medulla which are homologous with postganglionic sympathetic cells. A few unmedullated postganglionic sympathetic
fibres supply the arterial elements in the
cortex.

Branches of the numerous arteries in
the capsule form anastomosing sinusoids
in the glomerular zone which then pass
radially through the cortex between the
cell cords of the fascicular zone. From the
reticular zone, they converge in groups towards collecting veins at the medullary
boundary. There are no veins in the cortex, although there are some venules in
the capsule.

ACCESSORY ADRENAL GLANDS
These are small groups of cells, usually
of types C-I and C-111 only, which were
excluded during encapsulation of the
gland. They are often present in the
areolar tissue around the adrenal glands
but may be present in the spermatic cord,
the epididymis, and in the broad ligament
of the uterus.

Of the mesonephric arteries, one gonadal and three adrenal arteries persist on
each side. Although the phrenic artery
arises from the first adrenal artery, and
the renal from the third, these branches
become greater visceral supply routes than
their sources.

VASCULAR PAITERN
IN THE GLAND
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TIJBE FEEDING OF POSTOPERATIVE
PATIENTS

1) Strained Baby Foods - These can be
mixed with milk, eggs, fruit juice or any
other liquid desired. 2) Mechanical
Blenders and Juice Extractors for SmallScale Use--In using these all the bones
and seeds must first be removed from the
food and homogenized milk should be
used if milk is to be added because regular milk will form butter during the process. The material must then be carefully
strained several times through a fine mesh
wire gauze strainer. 3) Large Serium Mills
or Comminuting Machines for Large Scale
Use--These will liquefy a gallon of meat
or vegetables in a matter of minutes and
quickly pay for themselves in the saving
not only in cost but in lives.

- J, Barron, Surgical Clinic of N. A.
39:1481, 1959.
This paper summarizes the experience
gained with tube feeding at the Henry
Ford Hospital during the last ten years.
Polyethylene tubing was used in preference to polyvinyl tubing which may become hardened and can become irritating.
Tube feeding there has practically eliminated reoperation for delayed emptying
following gastrectomy or gastroenterostomy.
All of the natural upper gastrointestinal
juices should be fed back into the gastrointestinal tract because they contain essential electrolytes and enzymes, which are
extremely difficult to replace by the intravenous route. This also avoids the necessity of extensive electrolyte determinations
often costing as much as $39-$40 daily.
Three methods used there for preparing
the natural foods for tube feeding are:
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A mechanical pump is almost a necessity in tube feeding because the gravity
drip at the best will usually deliver too
much or too little or no material at all.
With this pump the material is delivered
at a constant rate while the patient is allowed to sit up, lie down or turn on either
side.
-G. Oliver, '60
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The Physiology of the
Adrenal Cortex
JACK McDONALD, '61

INTRODUCI'ION
Although the adrenal or suprarenal glands were discovered by Eustachius in
1543, a lapse of 300 years occurred before the first partial realization of their
function in 1855, when .Addison described the syndrome which bears his name
and pointed out the accompanying degenerative pathology in the adrenal glands.
In 18% Brown-Sequard showed that complete bilateral adrenalectomy caused
death, and in 1929 Swingle and Pfiffner prepared an adrenal cortical extract
capable of maintaining life in the adrenalectomized animal. .A whole series of
hormones is present in such an extract; many of these have been isolated, characterized and synthesized. Cortical hormones have come into practical use in
specific replacement therapy and in treatment of many diseases seemingly unrelated
to adrenal insufficiency.

THE CORTICAL HORMONES
The hormones of the adrenal cortex are
steroids; compounds whose structure is
based on the cyclopentanoperhydrophenanthrene or "steroid" nucleus. The terms
sterol and steroid arise from the word
"cholesterine" from the Greek chole, bile
and stereos, shape. This word was coined
by Chevreul in 1815 and applied to the
first steroid which Conradi bad discovered
in bile calculi.
The hormones of the adrenal cortex fall
into five classes based partly on chemical
structures and partly on function : glucocorticoids, mineralocorticoids, androgenic
17-ketosteroids, estrogens, and progesterone.
1. The Glucocorticoids
Glucocorticoids are those adrenocortical
hormones which exert strong influence on
carbohydrate metabolism. Glucocorticoid
activity is characteristic of the C-11 "oxy"
and "hydroxy" compounds: hydrocortisone, corticosterone, cortisone, and 11dihydrocorticosterone.
Judging from
chromatographic analysis of venous blood
JANUARY,

1960

drained from the adrenal gland, only
hydrocortisone and corticosterone are
secreted in significant amounts. The former is over twice as potent as the latter.
It may be noted that aldosterone, primarily a mineralocorticoid, is oxygenated at
the C-11 position and possesses one-third
the glucocorticoid activity of hydrocortisone.
The glucocorticoids are named for the
effects they exert on carbohydrate metabolism. In addition, however, they have
profound effects on many other aspects of
human physiology.
A. Effects on Carbohydrate and Protein
metabolism:

Young's observation that adrenalectomy
alleviates the diabetes of pancreatectomized dogs implicated the adrenal cortex in
carbohydrate metabolism. The glucocorticoids stimulate protein catabolism and
gluconeogenesis (from protein). Therefore, adrenalectomy prevents gluconeogenesis and causes glycogen depletion and
hypoglycemia. Similarly, excess glucocorticoids greatly stimulate gluconeogenesis
and protein catabolism and cause negative

7

--The Physiology of the Adrenal Corteor---------nitrogen balance, hyperglycemia and eventual diabetes. Effects of glucocorticoids
on peripheral utilization of glucose are
suggested, though not yet established.

numbers of circulating polymorphonuclear
leukocytes and reticulocytes. Hydrocortisone diminishes fibroblastic proliferation
in tissue culture and healing wounds.

The action of the glucocorticoids opposes the action of insulin; however, the
mechanism of this action is not simply
interference with insulin, for the glucocorticoids do not interfere with uptake of
glucose into muscle tissue, a process which
insulin enhances. There is no conclusive
evidence for the theory that the glucocorticoids inhibit the hexokinase reaction
and it is not yet possible to correlate their
effects on metabolism with effects on specific enzymatic reactions. Various isolated
reactions have been studied. Examples are
the lowering of hepatic D-amino acid oxidase activity caused by adrenalectomy and
the lowering of phosphatase activity and
increase in glycogen deposition caused by
administration of cortisone.

( 4) The inflammatory response: This response is inhibited by hydrocortisone and
cortisone. There is some experimental evidence that it is enhanced by aldosterone.

B. Other Effects :

(1) Fat metabolism: Hydrocortisone increases fat deposition in adipose tissues, a
fact which may explain the obesity of
patients in Cushing's syndrome of hyperactivity of .the adrenal cortex.
(2) Water excretion: The mineralocorticoids, notably aldosterone, enhance renal
tubular reabsorption of sodium and water.
The glucocorticoids, especially hydrocortisone, exert an opposing force. This "diuretic" effect of the glucocorticoids is probably due to increased glomerular filtration
and enhanced tubular excretion. Adrenalectomy lowers the body's capacity to excrete excess sodium or water. This defect
is due to glucocorticoid deficiency, and is
corrected by glucocorticoids, but aggravated by mineralocorticoids.

( 3) Blood and tissue cells : Adrenalectomy causes enlargement of lymphatic tissues and increased numbers of circulating
lymphocytes and eosinophiles. Hydrocortisone and cortisone reverse this phenomenon and in addition increase the
8

(5) Immune reactions: The glucocorticoids seem to inhibit anaphylactic reactions, probably by lowering the histamine
content of tissues.
( 6) Central nervo11s system : The electroencephalogram pattern was found to be
altered in patients with Addison's disease
and adrenalectomized animals.
The
electroshock seizure threshold in rats is
lowered by hydrocortisone, cortisone, and
corticosterone and raised by desoxycorticosterone. Very large doses of cort icoids
may produce anaesthesia and psychic
changes. It has been postulated that the
glucocorticoids may affect nervous activity
by regulating the concentration of sodium
in the extracellular fluid.
(7) Bone and cartilage: Osteoporosis is
common in patients with Cushing's syndrome in which case it may be treated by
suppression of adrenal cortical activity. Injection of ACTH retards new bone formation by decreasing the number of osteoblasts and depressing proliferation of
cartilage cells. The significance of these
findings is not known.
2. The Mineralocorticoids

Mineralocorticoids act principally on
electrolyte and water balance. Mineralocorticoid activity is generally weakest in
those steroids oxygenated at the C-11 and
C-17 positions (cortisone, hydrocortisone),
intermediate in those oxygenated at only
one of these two positions (corticosterone,
11-dihydrocorticosterone, 17-hydroxycorticosterone), and strongest in those oxygenated at neither position (11-desoxycorticosterone). Aldosterone, the most
potent mineralocorticoid, is oxygenated at
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the C-11 position and seems to be an exception to this correlation of structure and
function; perhaps this incongruous oxygen
is bound in hemi-acetal linkage and thus
essentially not present. Aldosterone is from
thirty to one thousand times as powerful
as various other mineralocorticoids.
Adrenalectomized animals and patients
with Addison's disease show marked increase in urinary excretion of sodium,
chloride, and water and decrease in urinary
potassium. These excretory changes cause
sodium and wate.r depletion and hyperkalemia which result in death unless corticoids are administered. Similarly, adrenocortical hyperfunction or administration of
excess corticoids cause retention of sodium
and water and depletion of potassium;
chloride depletion accompanies potassium
depletion, since the amount of potassium
lost is greater than the amount of sodium
activity of cortisone and hydrocortisone
activity of cortisone and hydr-cortisone is
relatively low, they may cause sodium retention and edema when administered in
large therapeutic doses .
The mineralocorticoids exert these profound effects by enhancing sodium (and
therefore chloride and water) reabsorption in the proximal portion of the renal
tubule.
In patients with acute adrenal insufficiency a transfer of water into cells has been
described; this transfer is not due merely
to lowered extracellular fluid osmotic
pressure resulting from sodium depletion,
since it precedes the development of the
latter. This fluid shift which occurs independent of the kidney suggests that the
kidney is not the only site of action of
mineralocorticoids. An increased permeability of serous membranes to PSP and
India ink under the influence of mineralocorticoids suggests a general effect on
membrane permeability.
3. Androgenic 17-ketosteroids
Four androgens are known to be produced by the adrenal cortex. These are
19-carbon atom steroids.
JANUARY,
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The androgens oppose the glucocorticoids in their metabolic function by stimulating protein anabolism. This action enhances growth.
The importance of adrenal androgens
sexually in the normal male is not known,
though they either are not sufficiently
potent or are not produced in sufficient
quantities to prevent the appearance of
androgen insufficiency in the male castrate. Similarly, their importance in the
normal female is not known, though virilization results from excessive secretion.
4. Estrogens
Estrogens are IS-carbon atom steroids.
Although their principal source is the
ovary, adrenal production also occurs, for
estrone has been isolated in the adrenal
cortex and administration of ACTH
causes an increase in urinary estrogens in
both males and females. Adrenal estrogens
have little metabolic importance and their
significance relative to ovarian estrogens
with regard to normal sexuality is not
known. They become important in the
rare feminizing carcinomas of adrenal cortex.
5. Progesterone
Progesterone, a 21-carbon atom steroid,
has been isolated in the adrenal cortex.
Adrenal progesterone, like adrenal estrogens, is of unknown significance.

THE REGULATION OF
ADRENOCORTICAL ACTIVITY
1. Regulation by the Anterior Pituitary
Regulation of adrenocortical activity by
an anterior pituitary hormone has been
established by comparing the effects of
removal of the pituitary gland (hypophysectomy) with the effects of adrenalectomy and by comparing the effects of
administration of pituitary extract with
the effects of cortical hormones.
The effects of hypophysectomy are similar to the effects of adrenalectomy; in
fact, atrophy of the adrenal glands fol-
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- ·- The Physiology of the Adrenal C o r t e x · - - - - - - - - lows hypophysectomy. Administration of
the adrenocorticotrophic hormone of the
anterior pituitary (ACTH) to the hypophysectomized animal reverses this adrenal
atrophy and adrenal insufficiency. Administration of ACTH to normal animals
produces the effects which characteristically follow administration of cortical hormones.
Factors affecting adrenocortical activity
usually do so by influencing ACTH secretion. Probably the most important of these
factors is the level of circulating cortical
hormones. When this level is high, ACTH
secretion is depressed; therefore, injection
of corticoids depresses ACTH secretion
and causes atrophy of the adrenal cortex.
Similarly, a low level of circulating cortical hormones stimulates ACTH secretion;
therefore, unilateral adrenalectomy stimulates ACTH secretion and causes hypertrophy of the remaining adrenal cortex.
Hypophysectomy obviously prevents these
effects.
Animals with appropriate hypothalamic
lesions do not show compensatory hypertrophy in the remaining adrenal following
unilateral adrenalectomy. This suggests
nervous intervention between factors affecting ACTH secretion and the anterior
pituitary. Since no nervous connections
have been demonstrated between the brain
and the anterior pituitary, it is probable
that a neurohumor is secreted in the hypothalamus and transmitted to the pituitary
by a portal system of veins. Evidence for
this mechanism is the fact that portal vein
blood from the pituitary stalk causes
ACTH release, when injected into rats,
while control arterial blood does not. The
identity of this neurohumor is not established. Pitressin has been suggested by the
fact that only those hypothalamic lesions
which involve the pituitary stalk and cause
diabetes insipidus, apparently by blocking
release of pitressin, will prevent release of
ACTH. There remains some doubt, however, that pitressin is the ACTH-releasing
neurohumor.
10

Selye and others have shown that animals subjected to a variety of non-specific
"stresses", such as hemorrhage or prolonged exposure to cold, pass through a
stage of shock to a state of resistance,
characterized by adrenal hypertrophy and
increased secretion of 11-oxysteroids, and
finally to a stage of exhaustion in which
the adrenals regress. Adrenalectomy, hypophysectomy, or destruction of the paramedian region of the anterior hypothalamus prevent this reaction to stress. Three
theories have arisen to explain the mechanism of action of stress on the hypothalamus and anterior pituitary:
(1) Adrenalin may act on the hypothalamus and stimulate release of ACTH.
This is suggested because the early response to stress is release of adrenalin, as
indicated by a rise in blood pressure and
in blood sugar. However, the release of
adrenalin occurs much earlier than the
pituitary-adrenal reaction, and injection of
adrenalin does not cause a rise in the
blood levels of the C-17 hydroxysteroids.
(2) Increased utilization of steroids in
response to stress might lower the blood
levels of the adrenal hormones and stimulate ACTH secretion. However, no such
decrease in blood levels has been demonstrated following stress, and stress causes
ACTH release even in the adrenalectomized animal.
(3) Stress may act directly on the central nervous system and thus on the hypothalamus.
2. Direct Regulation
Aldosterone secretion is not primarily
under the control of ACTH. Hypophysectomy does not decrease aldosterone secretion as markedly as it does glucocorticoid
secretion, and administration of ACTH to
human patients does not significantly increase urinary excretion of aldosterone.
The levels of sodium and potassium in
body fluids are the responsible factors.
Decreased serum sodium stimulates aldos-
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terone secretion while elevated serum sodium depresses it. Serum potassium levels
act in the reverse direction. The serum
levels of sodium and potassium in turn
are affected by the intake of these minerals.
BIOSYNTHESIS AND METABOLISM
OF CORTICAL HORMONES
1. Biosynthesis

Ascorbic acid and cholesterol are present in large <JUaDtities in the adrenal cortex and are rapidly depleted by a single
injection of ACTH. The importance of
ascorbic acid in steroid synthesis is unknown. The significance of cholesterol is
being more clearly defined by experiments
using radiocarbon-labelled precursors in
incubations with adrenal slices and in perfusion of isolated adrenal glands. It appears that synthesis can occur from both
cholesterol and acetate and that synthesis
from acetate need not include cholesterol
as an intermediate. Acetate possibly forms
common precursors for cholesterol and
steroid hormones.
Pregnenolone, the immediate precursor
of progesterone, is an intermediate in .the
synthesis of more complex stermds.
ACTH probably governs synthesis only up
to the pregnenolone stage, further steps
occurring independent of pituitary control.
2. Catabolism

oids and their metabolites
ing forms:
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the follow-

(1) Biologically active corticoids unchanged except for conjugation with
glucuronic or sulfuric acids, e.g. aldosterone, cortisol, corticosterone.
(2) Biologically inactive metabolites.

(3) Active or inactive, conjugated or
non-conjugated, 17-ketosteroids. In normal adult males, one-third of the total
<JUantity of urinary neutral 17-ketosteroids
are androgens of testicular origin; the remaining two-thirds in males, and the
whole <JUantity in females being hormones
or hormone metabolites of adrenal origin.
The ad renal and testicular androgens are
themselves 17-ketosteroids, 19-carbon atom
steroids with a ketone group at the C-17
position. 21-carbon atom adrenal hormones may be converted to this configuration by removal of the 2-carbon atom side
chain if they possess a hydroxyl group at
the C-17 position (which can be oxidized
to a ketone group) .
( 4) Inactive pregnanediol glucuronide,
a metabolite of progesterone.
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Adrenal Insufficiency
DON NASSR, '60

INTRODUCI'ION
Little was known about the adrenal gland in 1849, when Thomas Addison
read his classic paper on " The consti tutional and local effects of disease of the
suprarenal capsules"• before The South London Medical Society, other than the
original anatomical description by Eustachius in 1:>63. Since that time a vast
amount of literature has been accumulated about this most complex gland but we
do not as yet have a totally integrated view about the function of the adrenal in
health and in disease. Addison's memorable descriptions will be referred to later,
but it is of interest at this time to point out that his introduction to the paper on
what we now caJJ Addison's Disease contained a vivid description of a more
common disease, pernicious anemia.
Soon after the original paper, Brown-Sequard reproduced adre.nal insufficiency
in laboratory animals. No add itional work was done until Oliver and Schafer
showed that ''the suprarenal capsules yield a substance which exerts a most powerful action on the blood vessels, upon the heart and upon skeletal muscles". They
conduded their investigations wi th the statement that "all our evidence shows
th at the suprarenal capsules are secretory organs" . The primacy of the adrenal
cortex is due to the work of Biedl who, working on the s.k ate, showed th at life
cannot be maintained without the interrenal bodies which are homologs of th e
mammalian adren-cortex.
The adrenal steroids were first isolated by Rogoff, Stewart, MacArthur,
H artman and Kendall in the late twenties of this ce.n tury. Since then, through the
usual stages of confusing nomencl ature, well over thirty adrenal steroids have
been crystallized, but there are probably only a few which are active in the body.
Simpson isolated aldosterone in 19n. This is the most potent of the mineralocorticoids, and according to some, may be the causal factor in a great many diseases. Conn described primary aldosteronism in 1954, the literature of which has
been recently reviewed by Delorme and Genest. Adrenal insufficiency characterized by a primary deficit in aldosterone has been described by Malnan. This
syndrome was seen in a fo rty-four-year-old male with polydypsia, polyuria, salt
cr aving, hypotension, intermittent bou ts of nausea, vomiting and headache. The
urinary al dosterone levels were less than .5 uGms/d.
Unquestionably adrenal psysiology is immensely complex. All fields of medicine are involved in research. Even the mechanism of psychosomatic diseases may
find explanation in the adrenal gland.
In summing up the functions of the adrenal cortex it becomes clear amid the
jungles of confusing literature that this small gland plays a most important role
in maintaining the internal environment of the body. It is actively concerned in
infection and in all stressful conditions. It is most influential in keeping blood
sugar at respt-etable levels and in regulating electrolytes, as well as protein and
fat metabolism. It also acts in uncer tain ways to control blood pressure. The
secreti on of the adrenal is influenced by, the posterior and anterior pituitary,
sodium and potassium, the pancreas, the thyroid, the hypothalamus, and by other
factors ; the psychic life not to be excluded.
*adrenal glands

ETIOLOGY, PATHOGENESIS
AND CLASSIFICATION
Classically, adrenal insufficiency and
total destruction of the gland by tuberculosis were almost synonymous, although
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Addison himself recognized atrophy and
other causes of the disease. The most
common cause of adrenal insufficiency today is atrophy, (cytotoxic atrophy, toxic
atrophy). This is characterized by necrosis
of the cortical cells (hence not atrophy)
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and by infiltration by round cells, (lympocytes, macrophages and plasma cells). Anderson and coworkers have shown that
complement fixing antibodies reacting
with the adrenal gland of the individual
are present in many cases of so-called idiopathic atrophic Addison's disease. In a
few cases autoantibodies to adrenal tissues
were found along with autoantibodies to
thyroid tissue in patients with Hashimoto's
disease and hyperthyroidism. Thyrotoxicosis and Addison's disease have been described by Freys, and the similarity of
pathology was noted originally by H . G.
Wells in 1930. The work on anti-adrenal
antibodies followed the investigation of
Roitt, on Hashimoto's disease in 1956.

then) , and that adrenal hyperplasia with
or without virilization was not common.
Other causes have been congenital adrenal
cysts, congenital aplasia (often associated
with anecephaly), congenital hypoplasia
or adrenal cells with inadequate internal
function (inborn error) . Other causes in
all ages are tuberculosis (still a common
cause), histoplasmosis, coccidiomycosis,
amyloidosis, adrenal hemorrhage, hypopituitarism, iatrogenic and other causes.
(See classification AG 1). Adrenal insufficiency may be acute and fulminating. It
is associated with adrenal crisis in Addison's hemorrhage (Waterhouse/Friderichsen syndrome), acute infections, shock and
other causes. It is of interest that the
W aterhouse/Friderichsen syndrome has
been associated with meningococcemia and
adrenal hemorrhage, but more recently it
has been shown that there is no adrenal
pathology in many cases and that the syndrome responds to massive antibodies
best. The same syndrome can be due to
other gram negative bacteria; enteric
bacilli, gonnococcus and B. lyocyaneus.
Septicemia with these can lead to profound shock, hypoglycemia and leukopenia, which is rapidly fatal unless vigorously treated with antibodies, vasopressors
and steroids. This "Endotoxin syndrome"
has been adequately discussed by McArthur.

Nelson states that the most common
cause of adrenal insufficiency in children,
paradoxically, is congenital bilateral
adrenal hyperplasia. This may be due to
an inborn error of steroid synthesis where
one hormone is produced insufficiently
under normal pituitary stimulus, and because of this a generalized hyperstimulation results, with hyperplasia of the rest
of the adrenal gland. The resulting clinical picture may be simple adrenal insufficiency with hyperplasia, or an adrenogenital syndrome with pseudovirilization
in the female and partial precocious sex
development in the male (hypertrophy of
the penis without testicular involvement).
Recent studies of adrenal insufficiency
Adrenal sex hormones influence pubic and
have led to the realization that hypofuncaxillary hair growth in the female and
tion may be the result of any of the funcaxillary and other body hair in the male.
tional states in which the zona fasiculata
A male with the syndrome has less proresponds insufficiently to extra stress.
nounced symptoms but the hypertrophy of
Mild symptoms of chronic fatigue may be
the penis without adjacent hirsutes is sugall except when severe stress is encountgestive. Undiagnosed and untreated, these
ered, and then the symptoms of Addison's
children most commonly die of acute
disease to a minor extent may be seen.
adrenal insufficiency, or hypoglycemic
Hypofunction of the zona glomerulosa has
coma. Adrenal atrophy has been reported
been described by Molnar el aJ and is
in a family where two boys well past inassociated with hyponatremia and hyperfancy were so afflicted. This type of kalemia.
adrenal insufficiency is considered quite
unusual before the age of -5. Up to 1952,
Malfunction and structural derangement
Meakin states that only 100 cases of in- of the adrenal gland is associated with
fantile Addison's disease had been report- many other conditions. Hyperplasia, aced (there have been many more since companied by hyperfunction, and occaJANUARY,
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--Adrenal Insufficiency'---------------there is a progressive march of symptoms
leading to malnutrition, weight loss, dissionally with a relative hypofunction, is
associated with carcinoma. Hyperplasia
has been noted in more patients dying of
carcinoma than in those dying of other
causes, Webster. It is associated with
marked electrolyte abnormalities, especially in carcinoma of the lung. Plunkett has
described Cushing's syndrome and adrenal
Fig. 1

hyperplasia in metastatic carcinoma.
Adrenal insufficiency follows hypopituitarism of any cause. It is noteworthy that
there is no abnormal pigmentation and
that electrolyte abnormalities are much
less pronounced than in "primary" adrenal
insufficiency. This is probably because
"aldosterone stimulating hormone" (ASH)
is spared.

Etiological Classification of Adrenal Insufficiency

A. Congenital Causes:
I. bilateral congenital hyperplasia (acute and chronic)
a. without virilizing symptoms
b. adrenogenital syndrome
II. congenital hypoplasia (chronic)
III. congenital aplasia (acute)
a. with anecephaly
b. without anecephaly
IV. congenital adrenal cysts
V. functionally inadequate gland without pathological features.
B. Acquired Causes:
1. Chronic Adrenal Insufficiency

I. Chronic adrenal insufficiency (Addison's type)
a. autoimmune adrenal necrosis
b. idiopathic adrenal necrosis
c. tuberculosis
d. idiopathic partial adrenal insufficiency
e. carcinoma, metastatic to adrenal
f. amyloidosis, (primary, secondary)
g. histoplasmosis, coccidiomycosis

II. relative adrenal insufficiency
a. hypoglucocorticosteroidism
1. hypopituitarism
2. inadequate zona fasiculata ( cong.)
b. hypoaldosteronism (with or without hyperplasia)
III. adrenal insufficiency associated with other conditions
a. Hashimoto's disease
b. diabetes mellitus
c. hypoparathyroidism
d. hypothyroidism
e. thyrotoxicosis
f. hyperinsulinism
g. pseudotumor syndromes

14
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2. Acute Adrenal Insufficiency (Waterhouse/Friderichsen Syndrome)

a. Addisonian crisis
b. acute adrenal hemorrhage
1. with meningococcemia
2. without septicemia
3. post traumatic, of newborn
c. infectious and toxic conditions
1. endotoxin syndrome
2. scarlet fever
3. diphtheria
4. measles, smallpox, typhoid

3. Iatrogenic Adrenal Insufficiency
a. adrenalectomy
b. hypophysectomy
c. corticosteroid therapy and withdrawal
d. surgical procedures in Addisonians.
In looking at the extensive classification
of adrenal insufficiency (fig. 1) it is
readily seen that the syndrome is associated with many other conditions. Felber
has measured the urinary 17 K.S. and 17
OH C.S. in response to ACTH in patients
with hypothyroidism. and has found the
excretion of these to be reduced. Addison's disease complicated by diabetes mellitus mentions the association of Addison's
disease (idiopathic) in association with
atrophy of the parathyroids, which may
precede or follow adrenal insufficiency.
Intracranial hypertension "pseudotumor
syndromes" may occur in Addison's disease or in hypoparathyroidism. Addison's
disease is also associated with tumors of
the thymus, as well as with chronic hyperinsulism (tumor) .
SYMPTOMS OF ADRENAL
INSUFFICIENCY
Removal of both adrenals results in
death. There is vomiting, loss of appetite,
thirst, muscular weakness, hypotension
and vascular collapse, coma and death.
These are the acute symptoms; more common, however, is the insidious onset of
weakness, fatigue, dizziness, ataxia, pigmentation, headache, mild anemia, and
syncope. In untreated classical Addisonian
coloration of the skin and mucous memJANUARY,
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branes and death in one to five years.
There may be an acute crisis and death at
any time. Hypotension and hypoglycemia
the common causes for ataxia, dizziness,
and unconsciousness. The latter can lead
to epilepsy, mental deficiency, or cerebral
impairment. Gastrointestinal symptoms
are common and may be of: pain, nausea,
vomiting, loss of appetite or increased
appetite. In children focal or general seizures may lead to the finding of hypoglycemia and the diagnosis of adrenal insufficiency. Increased pigmentation, diffuse or generalized, with or without
patches of leucoderma may be the initial
complaint. Figure 2 illustrates the frequency of presenting symptoms in Addison's disease, as well as the frequency of
the signs and symptoms found in the disease. Hypoaldosteronism is characterized
by hypotension, salt craving, headache and
urinary symptoms. The signs and symptome of hypothyroidism or diabetes may
predominate, or those of hypopituitarism
may be the first indication of adrenal insufficiency. Decreased libido and potency,
and infertility may be present to varying
degrees. There may be amenorrhea, and
loss of secondary sex characteristics as
well as virilization. The most significant
symptoms of adrenal insufficiency will be
discussed.
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--Adrenal Insufficiency--------------Pigmentation is present in all cases of
Addison's disease. It is not seen in hypopituitarism or in partial adrenal insufficiency. Goldzier discusses adrenal insufficiency without pigmentation. Pigmentation of the mucous membranes may be
taken as indicative of Addison's disease
until it is disproven. The pigmentation
is due to the lack of blocking of the melanocyte stimulating hormone by hydro-

cortisone. It appears as brownish patches
over pressure points, over knuckles and
elbows, as well as a diffuse darkening of
the skin. There may be patches of vitiligo.
The discoloration fades with treatment.
One should be hesitant to make a diagnosis of Addison's disease in the absence
of pigmentation. There may only be a
darkening of the areolae, which alone,
makes pigmentation hard to appreciate.

Fig. 2-Frequency of Presenting Symptoms and Findings in Addison's.

Symptoms
tiredness and
weakness
pigmentation
anorex1a
(with nausea and
vomiting)
weight loss
blood pressure
below 110/75
buccal pigmentation
blood pressure
syst. over 120
abdominal pain
salt craving
diarrhea or constipation
loss of consciousness
morning hypoglycemia
calcification in adrenals
on X-ray examination
small heart shadow
BMR (with normal I 131
uptake and PBI)
anemia

Presenting
Frequency
54%

Frequency as Fi11dings
in Cases

32%
10%

97%
common

Weight loss and fatigue can be attributed to the deranged protein metabolism,
the low blood sugar, the hypotension and
the mal-absorption. Hyponatremia may
also play a part. In any case these are the
most common symptoms of Addison's disease.

16

100%

100%

90%
73%
almost never

34%
22%
20%
16%

common
rare
common
commonly
reduced
moderate and
common
Hypotension and hypoglycemia are both
present in Addison's. It has been said that
the blood pressure is never over 120 systolic and is usually below 110/ 75. Many
symptoms can be attributed to the combination of hypotension and hypolycemia.
The latter is usually around 60 mgms %
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and gives rise to symptoms on prolonged
fasting. Morning dizziness, nausea, inability to awaken from sleep easily, irritability, and great hunger may be seen.
30% of cases get reactive hypoglycemia
with perioral paresthesia, weakness, sweating, clamminess of the skin, confusion and
bizarre behavior, followed often by a
hyperactive coma or convulsion. These attacks are best treated with 10-20 cc. of
50% glucose injected slowly intravenously.
DIAGNOSIS
It has been said that "fully developed
Addison's disease is the end stage of
chronic progressive renal failure". The
diagnosis must not depend on the demonstration of the classical symptoms and
signs of Addison's disease. Any case of
unexplained fatigue and weight loss associated with hypotension and unusual
behavior must be suspected and a diligent
history taken. Pigmentation, if sought out
carefully, will be found in most cases. The
laboratory examination need not be extensive where a good history and physical
examinations are suggestive, but will be
significant in the early and atypical cases.
The following are the ones considered
most useful.

LABORATORY EXAMINATION
AND FINDINGS
A decreased serum sodium, chloride,
and C02 CP is common in severe stages,
and in acute insufficiency, but may not be
changed in early mild adrenal insufficiency. Late in the disease serum potassium
and NPN is elevated. Urinary excretion
of sodium is elevated in almost all cases,
extremely so in hypoaldosteronism. In
most cases of adrenal insufficiency the 24
hour excretion of 17 K.S. and 17 OH C.S.
are reduced, but in mild cases and partial
cases, a low normal baseline may be present. The most important test is the intravenous infusion test with ACTH. Urinary
steroids do not show any increase in
"adrenal causes" of Addison's disease, but
a delayed response is characteristic in
JANUARY,
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hypopituitarism and in partial adrenal insufficiency. Urinary aldosterone may be
reduced. In some cases only the 17 OH
C.S. will be reduced. An adrenalin stress
test, indicating the functional integrity of
the hypothalamic pituitary adrenal axis,
has been described but is little used now.
After ACTH infusion, eosinophil counts
rarely fall in Addison's but are reduced by
70% in normal subjects. Blood sugar is
low, and morning specimens will be greatly reduced. Oral glucose tolerance curves
are delayed and flat, and intravenous tests
extreme and may produce adrenal crisis.
Blood 17 hydroxy corticosterone will be
found reduced where this test is possible.
D iagnosis is established on clinical evidence, ACTH tolerance test, steroid excretion measurements, electrolytes, and rarely, by a therepeutic trial of glucocorticoids.

TREATMENT
Acute Adrenal Insufficiency
Acute adrenal insufficiency is rapidly
fatal in many cases. It is diagnosed by a
high degree of suspicion in all cases showing severe shock, signs of electrolyte imbalance, low blood sugar and cases where
a past history suggestive of adrenal insufficiency can be obtained. It has been said
that no one should be allowed to die without the benefits of intravenous hydrocortisone and this is very true in acute adrenal
failure. Antibiotics could well be added
to this aphorism. Septicemia, often associated with this state, is best treated with
large doses of suitable antibiotics, without
delay for culture and sensitivity. In the
endotoxin syndrome death in three days
occurs in over 60% of cases. Steroids have
been of less help than antibiotics. 50 to
200 mgms. of hydrocortisone in 500 cc.
of 5% glucose solution should be started
at once, when acute adrenal insufficiency
is diagnosed. To this should be added 20
to 40 units of ACTH and 1 gram of KCl.
Large doses of penicillin and chloramphenicol succinte should also be given intravenously. Pressor agents like noradrenalin
and phenylephrine are also used. Intra17

--Adrenal lnsufficienc.,_---- - - - - - - - - - - muscular cortisone in doses of 25 to 50
mgms are given every 6 hours. On recovery, withdrawal of the steroids must be
gradual and replacement by oral cortisone
begun.
Chronic Adrenal Insufficiency
The treatment of chronic adrenal insufficiency centres around the long known
fact that the glucocorticoids are necessary
for life. It is well established that treatment with adrenal cortex extract, or cortisone, or hydrocortisone alone, will maintain life. These hormones have salt retaining properties which, along with increased dietary salt, can maintain salt balance in most cases of Addison's disease.
In the past DOCA was used along with
cortisone. Dosage of the former was from
1-5 mgms IMj day, and cortisone, 12.5 to
50 mgmj day by mouth. Subcutaneous pellets were available for stabilized cases.
These were implanted once per year, and
released .3 mgm DOCA per pellet per
day. DOC trimethyl acetate ester in oil
appeared later. This long acting preparation could be given IM every 4-6 weeks,
and made the hazards of implantation unHarvey Cushing. { 6) He recognized that
(Alflorene MS & D) has replaced DOCA
as the salt retaining agent of choice in
adrenal insufficiency. It is given along
with cortisone orally, and the salt intake
does not have to be increased . . 1 mgm of
"Alflorone" with 10 to 50 mgms of cortisone is the usual dosage. Dosage must be
adjusted to i ndividual requirements.
Fludrocortisone .1 mgm ID, has also been
used in hypoaldosteronism along with 10
mgms cortisone acetate per day.
In hypopituitarism, there are multiple
hormonal defects. Depending on the age
and sex of the patient and the severity of
the disease, one can use ACTH or cortisone and Alflorone, Estrogens, thyroid,
testosterone and progesterones.
Any
patients with adrenal insufficiency should
carry a card with him at all times, stating
his disease and the drugs and dosages he
has been taking. Acute failure can occur
18

at any time, under conditions of stress,
and such a card may well save the
patient's life. The patient should be instructed as to the nature of his disease and
the drugs he is taking. Dosages of cortisone should be increased in times of illness or infection (with necessary medical
supervision) ,and special regimes should
precede surgery. The management of
acute adrenal insufficiency has been briefly covered but -t he reader is referred to
more extensive literature for all the details
of treatment.
Before treatment, the five-year death
rate for Addison's was 100%, with cortisone, and fludrocortisone the rate, with
good management, is below 5% . Intercurrent infection and disease requires intensive treatment for there is no adrenal
reserve to withstand extraordinary stresses
and strains in Addison's disease.
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GASTRECTOMY WITH VAGOTOMY

FOR CHRONIC DUODENAL ULCER
- L. T. Palumbo, W . S. Sharpe, D . ].

Lulu, R. Vaspa, ]. Colon-Bonet. Surgery,
46:1005, 1959.
This is a report of 115 male patients
treated for chronic duodenal ulcer by gastrectomy and bilateral infra-diaphragmatic
vagus resection. The indications for surgery were hemorrhage, perforation, obstruction, recurrent ulceration, pain, and
intractability.
The average duration of symptoms prior
to resection was 11.5 years. 45 % of the
patients gave a history of bleeding or were
admitted during an episode of hemorrhage. The authors then present 4 tables
including: Age distribution of the patients,
Previous surgical procedures, Age incidence and degree of bleeding, and Age inJANUARY,
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24. Harrison: Prine. of Internal Medicine, McGraw-Hill, N.Y., 19~8 .
2~. Miller: Early Diagnosis, London, 19~8 .
26. Goldzier: The Adrenal Glands in Health
and Disease, F. A. D avies Co., Phila., 1944.
27. Baker and Condon: Med. Clin. N. A., June,
19~~.

28. Paschkis el al: Clin. Endocrin., Paul Hoeber
Inc., N .Y ., 19~8 .

cidence and recurrent hemorrhage preoperatively.
3-4 inches of the vagal pathways were
resected. Approximately ¥.f of the stomach was removed from just distal to the
pyloric ring to a point where the rugae
begin in the lower one-third of the
stomach.
27 patients developed post-operative
complications, the most frequent being
gastric atony, hepatitis and pulmonary
atelectasis and infarction. Post-operative
gastric analysis revealed that all the
patients were acblorhydric and this state
persisted in all cases. Because of the lower
morbidity and mortality, shorter operating
time and hospital stay, and the over-all
results superior to practically all other
operative procedures the authors feel this
is the procedure of choice and are using it
to the exclusion of all the others.
- G. Oliver, '60
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Adrenal Cortical Hyperfunction
BRIAN H. MAYALL, '61

INTRODUCI10N

There are three major syndromes due to hyperfunction of the adrenal cortex,
corresponding to hypersecretion of the three groups of active adrenal cortical
hormones :
1. Cushing's Syndrome: increased secretion of all hormone groups with the
glucocorticoid effects predominating.
2. Adrenogenital Syndrome: hypersecretion of cortical androgens.
3. Primary aldosteronism: hypersecretion of aldosterone.
These can occur as distinct entities or in various combinations, producing an array
of clinical pictures that is bewildering until the underlying pathological physiology is appreciated.

I. CUSHING'S SYNDROME
Historical Introduction
This syndrome was decribed in 1932 by
Harvey Cushing. (6) He recognized that
these cases could occur as a primary lesion
in the adrenal; but was particularly interested in those cases in which there was
bilateral adrenal hyperplasia associated
with a basophilic adenoma of the pituitary. In these, he felt the disease was
primary in the pituitary.
The term "Cushing's disease" is nowadays used for all cases in which there is
bilateral adrenal hyperplasia, irrespective
of whether or not there is a demonstrable
lesion in the pituitary. This is because it
is felt that bilateral adrenal hyperplasia
only occurs secondarily to some pituitary
hyperfunction, with over-secretion of
ACTH and a postulated ACTH potentiating hormone. (12) (4)
In contrast, "Cushing's syndrome" is
used for the same clinical picture when it
is associated with a unilateral adrenal
adenoma or carcinoma, or when the etiology is unknown.
Etiology and Pathogenesis
Cushing's syndrome is due <to the excessive secretion of glucocorticoids (11, 1720

oxygenated steroids). This is usually, if
not always, associated with hypersecretion
of the other groups of adrenal steroids
(mineralo-corticoids and adrenal androgens and estrogens) . Indeed, Cushing's
syndrome may be called "panhypercorticalism".
It should be emphasized that the effects
produced by the glucocorticoids predominate. In particular, their catabolic effect
on protein metabolism exceeds any
anabolic effect due to increased androgen
production.
Incidence
Cushing's syndrome is a relatively rare
disease. It is about four times as frequent
in females as in males. The peak incidence
is found in the third and fourth decades,
particularly following pregnancy. There is
some familial tendency.
Pathological Anatomy
Adrenal Gland : In about half the cases of
Cushing's syndrome bilateral adrenal
hyperplasia will be found, which may be
nodular. These are cases of Cushing's disease.
In other cases a tumor of one of the
adrenals will be found, either a benign
adenoma or malignant carcinoma, occur-
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ring with about equal incidence. It will
then be found that the contralateral
adrenal cortex, and even the non-tumorous
portion of the involved gland, will be
atrophic. This is due to the suppression
of ACTH secretion from the anterior
pituitary due to a high level of glucocorticoids in the blood.
Very rarely both adrenals will be found
to be atrophic, when Cushing's syndrome
is caused by secreting tumors of aberrant
adrenal cortical tissue. This is most frequently in an ovary.
Occasionally, both adrenals will be
found to be morphologically normal.
Anterior Pituitary : In about half the cases
of Cushing's disease a basophilic adenoma
will be found at autopsy. These are almost always microscopic tumors, imbedded
in normal tissue. It should be noted, however, that about 4% of all pituitaries
examined routinely at autopsy show basophil adenomas in the absence of any endocrine abnormality.

Very occasionally, a malignant, metastasising basophil adenocarcinoma is
found.
In all cases of Cushing's syndrome, a
hyaline degeneration of some of the basophils is found, known as Crooke's changes.
These changes are also found in patients
who have been treated vigorously with
ACTH or cortisone.
H ypothalamus: Degenerative changes in
the paraventricular nuclei have been found
on occasions in Cushing's syndrome. However, as these changes have also been
found following ACTH or cortisone treatment, it is uncertain whether they are the
result or cause of excess adrenocortical
secretion.
Malignancy: Cancer of some organ other
than the adrenal or pituitary gland occurs
in about 10% of all cases of Cushing's
syndrome. This is most frequently carcinoma of the pancreas or of the thymus.
JANUARY,
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Adenocarcinoma of the adrenal cortex
metastasizes early to the liver and lungs.
Clinical Picture
Most or all of the following symptoms
and signs may be seen in the fully developed case of Cushing's syndrome:
Most of the changes are as would be
expected from the over-secretion of one
or the other adrenal cortical hormones, as
indicated:
Glucocorticoids
G
Mineralocorticoids - M
Androgens
- A
Estrogens
E
Appearance:
This is characteristic, with
1. "centripetal obesity" (G) with actual
wasting of the extremities.
2. "Buffalo neck" (G) - due to fat pad
in neck and kyphosis which may develop.
3. "Moon face" (G) from a rounding of
the face with a flattening of the skin
folds.
4. Complexion often ruddy and telangiectatic with an oily skin and acne (A).
5. Hirsutism frequently in the female
(A).
6. Marked thinning of the skin (G).
7. Purple, depressed striae, especially on
lower trunk (G).
8. Capillary fragility, causing easy bruising with ecchymoses (G) .
Cardiovascular:
1. Hypertension with enlargement of the
heart (G).
2. Arteriosclerosis (G) .
3. Pitting edema of ankles (M) .
Skeletal:
1. Demineralization of the whole skeleton,
particularly of the spine and skull (G).
2. Severe deep pain.
3. Pathological fractures,
particularly
compression fractures of the spine.
4. Kyphosis.
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--Adrenal Cortical Hyperfunction-----------Genital:
Sterility may be found in both sexes
(A. and E).
Female--Amenorrhea (minor enlargement
of the clitoris is occasionally seen).
Male--Loss of libido and potency.
Muicuiature :
1. Wasting (G).

2. Severe muscular weakness (M and G).

Nervoui Syitem:
1. Mental depression.

4. Hematology (G).
(a) Very low eosiniphil count, less
than SO per cu. mm.
(b) Relative lymphocyte count less
than 15 % .
5. Steroid analysis :
(a) 24 hour urinary 17-ketosteroid excretion frequently normal or only
slightly elevated.
(b) Blood and urinary 17-hydroxysteroids will usually be very high.
It should be remembered that abnormal steroid levels are found in stress,
in pregnancy, and in cases of liver insufficiency.

2. Occasionally a frank psychosis, usual-

ly of the manic depressive or involutional type will develop. This is probably due to Cushing's disease revealing
a latent psychotic anlage, rather than
generating a psychosis "de novo" .

Radiological l nveitigation:
1. X-rays will reveal demineralization of

the skeleton, particularly the spine and
skull.
2. The sella turcica will usually show no

Metabolic Changei and Laboratory
FindingI:
1. Diabetes Mellitus (G), either latent or

overt-is usually present, giving diminished glucose tolerance. This diabetes
is relatively insensitive to insulin.
2. Electrolyte changes (M) . Sodium re-

tention and loss of potassium is found.
Severe cases may show a hypokalemic,
hypochloremic alkalosis. The potassium depletion is largely responsible
for the muscle weakness. It also shows
as characteristic changes on the E.C.G.
3. Protein (G). There is excessive protein catabolism, with a negative nitrogen balance. This results in loss of
muscle mass, poor healing, a decrease
in plasma proteins, decreased resistance to infection and tendency to
edema. The protein catabolism probably is responsible for the skeletal
changes, by interfering with the formation of the fibrous matrix of bone.
22

sign of enlargement or erosion.
3. Contrast plates using presacral air insufflation in conjunction with an intravenout pyelogram form the most useful diagnostic procedure to determine
the nature of any adrenal pathology
present.
ACTH T e1t :
This test is widely used in the diagnosis
of Cushing's syndrome.
The patient's 24 hour urinary 17hydroxysteroid excretion is determined before, during and after administration of
ACTH.
Usually 25 mg. of ACTH is given to
the patient over eight hours by intravenous saline drip on two successive days.
The results will, to some extent, depend
on the method of administration and analysis used; but results of the following
general nature would be expected in cases
of Cushing's syndrome (see Fig. 1):
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Figure I

mi

RESPONSE TO ACTH TEST

DAYS ON WHICH ACTH ADMINISTERED

24 HOUR
URINARY
II- OXYSTEROJD
EXCRETION

---·NORMAL

NORMAL

ADRENAL
HYPERPLASIA

ADRENAL
ADENOMA

ADRENAL
CARCINOMA

b) Adrenal cortical adenoma shows a
much smaller and more variable response, which depends on how long
the contralateral adrenal has been suppressed.

Differential Diagnosis:
Simple Obesity: easinopenia, hormone
studies and the ACTH test will usually
differentiate this from Cushing's syndrome. Occasionally, it may be very difficult to differentiate, as obesity is frequent~~ associated with diabetes and hypertensiOn.

c) Adrenal cortical carcinomas show little
or no change with ACTH stimulation.

Essential H ypertension: shows none of
the other findings of Cushing's syndrome.

a) Bilateral adrenal cortical hyperplasia
shows an exaggerated response to
ACTH.

Cortisone Test:
In this test an attempt is made to sup·
press ACTH production by the administration of large doses of cortisone. The
results are much more variable than in the
ACTH test, and therefore it is not widely
used.
Diagnosis:
The diagnosis of the typical, fully developed syndrome should be easy. The
combination of three or more of the following is suggestive: centripetal obesity,
osteoporosis, weakness, hypertension, purple striae, diabetic tendency, eosinopenia,
lymphopenia. Elevated 11-oxysteroid levels are obviously a feature of Cushing's
snydrome, and are associated with normal
or moderately elevated 17-ketosteroid excretion.
JANUARY,
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Diabetes Mellitus: usually associated with
low or normal urinary corticoid excretion.
Senile or postmenopa11Sal osteoporosis:
rarely involves skull.
Psychoses and emotional instability: the
other features of Cushing's syndrome
should prevent this diagnosis being
erroneously made.
It is impossible to diagnose the nature
of the underlying adrenal pathology from
the clinical manifestations. To do this,
ancillary procedures must be used, such as
the ACTH test and radiological investigation.

Oinical Course:
The onset is usually insidious. A rapid
onset is suggestive of an adrenal cortical
carcinoma.
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--Adrenal Cortical Hyperfunction-----------The rate of progression is variable.
Occasionally, spontaneous remissions occur, while in other cases these are alternated with periods of exacerbation.
Intercurrent infections are a serious
aspect of this disease. Their spread is
favoured by the state of protein catabolism
and by the anti-inflammatory action of the
glucocorticoids.
With the advent of modern antibotic
therapy, death is more frequently a result
of hypertensive cardiovascular disease or
hypokalemia.
In rare instances, adrenal cortical hyperfunction is followed by hypofunction.
Addison's disease results due to the "burning out" of the adrenals.
Treatment
When Cushing's syndrome is diagnosed,
vigorous supportative therapy may be required. This wiH be aimed at correcting
or controlling:
1. Hypokalemia -

by administration of
potassium salts.
2. Protein catabolism - by high protein
diet and possibly androgens.
3. Diabetes mellitus - by insulin and
potassium.
Definitive treatment will depend on the
specific diagnosis.
1. Bilateral Adrenal H )'perplasia

(a) High dosage irradiation of the
pituitary: Basophil adenomas are somewhat more sensitive to radiation than
normal pituitary tissue. The effects of
this treatment may not become apparent for two or three months. Remissions have been reported in many
cases, but a permanent cure is more
rarely effected. (7)
(b) Surgical hypophysectomy or electrocoagulation of the pituitary: such
procedures are rarely justified because
panhypopituitarism results.
(c) Bilateral adrenalectomy: In experienced hands, and with careful and
adequate pre- and post-operative care
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this does not involve any undue risk
nowadays.
Occasionally, a small piece of adrenal
tissue is left, which will proliferate
and maintain adrenal function. However, such tissue frequently undergoes
further hyperphasia necessitating its
subsequent removal. Also, the function of such residual adrenal tissue is
irregular and inadequate, and the
patient becomes difficult to manage
clinica11y. Therefore, total extirpation
of the adrenal glands is preferred,
with the patient then being managed
like an Addisonian patient.
2. Adrenal Cortical Adenoma

These patients are treated by the
surgical removal of the tumor, usually
with the whole of the involved gland.
The atrophic contralateral gland usually regains its functional efficiency,
although it may require one or two
years.

3. Adrenal Cortical Adenocarcinoma
The surgical removal of the involved gland will afford the patient some
relief.. But as these tumors metastasize
early, and as the metastases are frequently functional, the relief from
symptoms is usually only temporary.
4. Both Adrenals A trophic
The ovaries should be surgically explored before removing the adrenals.
5. Both Adrenals of Normal Size
Occasiona11y, both adrenals will appear morphologically normal when
explored surgically. These patients
should be treated as cases of bilateral
adrenal hyperplasia.

6. Very rarely a patient may require no
more treatment other than careful
management of diet and control of
diabetes.
Those patients who come to surgery
will require careful pre- and postoperative management, and should be
given vigorous corticoid therapy.
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Prognosis:
The untreated case will usually terminate fatally in several months or years.
The prognosis for the adequately treated case is excellent, provided adequate
replacement therapy is maintained. Such
patients can lead a normal life. As total
adrenalectomy has only been possible for
the last decade, their life expectancy is
not known, but is probably almost normal, unless there is a malignant lesion
present.

ll. ADRENOGENITAL SYNDROME
Historical Introduction
Manifestations of this syndrome have
been observed since earliest times. In
1803, Tilesius reported the case of a fouryear-old girl who was enormously obese,
had marked and precocious breast development and hirsutism of the body and extremities. At autopsy she was shown to
have a tumor of the left adrenal gland
with extensive liver metastases.
By the beginning of this century the
adrenogenital syndrome was well recognized, and it was realized that the symptoms were due to the abnormal production
of virilising hormones by the adrenal cortex.

Figure II

Etiology and Pathogenesis
The various aspects of the adrenogenital
syndrome are due to the increased secretion of androgens by the adrenal cortex
without a significant increase in the other
cortical hormones.
It is now agreed that when this syndrome is associated with bilateral adrenal
hyperplasia it is the result of a "block"
being present in the stepwise synthesis of
hydrcortisone preventing the c21 hydroxylation of 17-hydroxyprogesterone. Hence
hydrocortisone is produced in subnormal
amounts.

Hydrocortisone is the most important
inhibitor of pituitary ACTH secretion,
which therefore becomes excessive. The
excessive ACTH level stimulates the
adrenal cortex, causing it to become hyperplastic, and increasing the production of
steroid precursors up to the blocked stage.
This causes an accumulation of these precursors, which are therefore diverted
down alternative metabolic pathways. One
of these results in the formation of excessive amounts of androgens. See Fig. 2).
Other cases are the result of autonomous androgen producing tumors.

ANDROGEN PRODUCTION IV ADRENAL CORTEX IN VIRILISIN8 HYPERPLASIA

ANTERIOR PITUITARY

ACTH

STIMULATES

CHOLESTEROL-----\-+ 11 HYOOOXYPRO&ESTERONE\
ANDR'f,GENS
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--Adrenal Cortical Hyperfunction'-----------Incidence
This is a relatively rare disease affecting
females more than males.
There is some familial tendency by
virilising hyperplasia in siblings.

5. Adult
Male--Feminising hyperadrenocorticalism.
1.

Congenital Adrenal H yperplasia (17) (9).
(a) Female pseudohermaphroditism:
At birth, the infant has ambiguous external genitalia, with hypertrophy of
the clitoris and a persistent urogenital
sinus. An oral smear will show the
chromatin sex to be female. The internal genitalia are essentially normal.
If untreated, these girls will show
accelerated growth and will develop
pubic hair before they are two years
old. Following this they develop axillary hair, acne and the voice deepens
as they pass through a precocious
heterosexual (male pseudopuberty.
Their habitus becomes increasingly
masculine and they fail to show any
secondary female sexual development.
Due to the early closure of the epiphyseal lines, they become undersized
adults, in spite of their advanced early
growth.

(b)

Macrogenitosomia Precox:
This anomaly is not noticeable at birth.
However, towards the end of the first
year, these boys show increased growth
and increased size of the penis. They
develop as an "infant Hercules" type,
and pass through a precocious isosexual puberty. However, the testes do
not mature commensurately, and if untreated will be sterile. Like the girls,
they become undersized adults.
Occasionally, these children will
show metabolic disturbances associated
with their abnormal adrenal function .
A hydroaldosterone salt losing type
occurs more frequently in boys, and
may result in a Addisonian crisis.
Hypoglycemic and
hypertensive
types also occur.

Pathological Anatomy
The adrenal glands show similar pathology, morphologically, as in Cushing's
syndrome.
Bilateral adrenal hyperplasia is invariably found in congenital adrenal virilism,
but it may onset later in ljfe.
An adrenal adenoma or carcinoma is
more frequently found in those cases developing after birth. In these patients the
contralateral uninvolved gland will usually be normal or only slightly hypotrophic, as ACTH production is virtually
unaffected by androgens.
Occasionally a secreting tumor of aberrant adrenal tissue will be found, usually
in an ovary.
Sometimes no morphological lesion will
be demonstrable.
Clinical Picture
This varies with the age and sex of the
patient.
1.

Congenital
Female--Female pseudohermaphroditism.
Male-Macrogenitosomia precox.

2. Childhood

Female--Heterosexual precocious
pseudopuberty.
Male--Isosexual precocious pseudopuberty.
3. Adult
Female--Virilising adrenogenitaJ syndrome.
Also occasionally:

4. Post-menopausal
Female--Achard and Thiers Syndrome
(Diabetes of bearded women).
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2. Adrenogenital Syndrome Developit1g

in Childhood
(a) Female--heterosexual precocious
puberty:
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These girls will exactly parallel
those in the previous group except
that there will be no ambiguity about
their external genitalia (although they
will, of course, have a hypertrophic
clitoris) .
(b) Male-precocious pseudopuberty:
These boys cannot be differentiated
from those showing congenital hyperfunction, apart, perhaps, from the
time of onset.
3. Adrenogenital Syndrome in the Adult

Woman
This manifests itself by virilisation
which results in:
Excessive male type hair growth, including beard and on extremities and
chest.
Frontal baldness.
Masculine voice and prominent
"Adam's Apple".
Atrophic breast.
Great enlargement of clitoris.
Muscular, athletic male habitus (no
obesity or wasting).
Amenorrhea.
Atrophy of female external and mternal genitalia.
Marked increase in libido.
Masculine "drive" with aggressive
activity. On the occasions when this
syndrome occurs in the male, it may
produce sterility and testicular atrophy.
4. Achard and Thiers' Syndrome
In the postmenopausal women, virilisation is often associated with diabetes - the "diabetes of bearded
women".
5. Feminising Hyperadrenocorticalism
A feminising, estrogen producing
tumor of the adrenal cortex occurs
very rarely. When in a man it manifests itself by gynecomastia, atrophy of
the testes and loss of libido and
potency. In the adult fem ale it may
produce infertility and abnormal bleedJANUARY,
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ing. In all cases the tumor has been
malignant.
Laboratory Findings:
In the typical case, all the laboratory
findings will be normal except for the
hormone assays.
(a) Bilateral Virilising Adrenal Hyperplasia:
1. Blood and urinary 17-Ketosteroids
will tend to be elevated in all cases of
this syndrome (in children when compared with children of the same age).
17-hydroxycorticosteroids will tend
to be subnormal.

2.

3. Urinary Pregnanetriol excretion
will be increased, even in those cases
of virilising adrenal hyperplasia which
do not show significantly elevated urinary 17-ketosteroid levels. Pregnanetrio! is a metabolite of 17-hydroxyprogesterone and is the form in which it
is excreted.
4.

ACTH levels will be elevated.

5. ACTH Test.
ACTH causes no appreciable change
in the 17-hydroxysteroid levels, but an
increase in the 17-ketosteroid and
pregnanetriol excretion. This supports
the "block" theory.
6. Cortisone Test.
Administration of cortisone results in
a lowering of the 17-ketosteroid and
pregnanetriol excretion. This is due
to the suppression of ACTH secretion
from the anterior pituitary.
(b) Adrenal Tumor - as these are autonomously secreting tumors, we find :
1. Elevated blood and urinary 17ketosteroids.
2. Normal 17-hydroxycorticosteroids.
3. Normal pregnanetriol excretion.
4. Normal ACTH levels.
5. Normal response to ACTH test,
and little increase in 17-ketosteroid
excretion.
6. Cortisone has no effect on the 17·
ketosteroid excretion.
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--Adrenal Cortical Hyperfunctio-----------Radiological Investigation:
A retroperitonal pneumogram and an
intravenous pyelogram may be used in the
same way as in Cushing's syndrome to
localize the lesion.
Diagnosis:
The virilisation of the patient will be
self-apparent.
Differential Diagnosis:
Partial masculinisation with no detectable endrocrinopathy:
Many otherwise "normal'' women show
varying degrees of masculinisation. This
most commonly manifests itself as hirsutism. Some of these women may represent
a milder degree of adrenal virilisation in
spite of having normal or only slightly
elevated urinary 17-ketosteroids.
Virilising ovarian lesions:
These include bilateral polycystic disease
(Stein
Leventhal
Syndrome),
arrhenoblastoma and hilar cell tumors,
which may show normal or moderate elevated urinary 17-ketosteroids, while the
luteoma will show levels comparable to
those of an adrenal tumor. These tumors
will not respond to the ACTH test or the
cortisone test. An ovarian adrenal rest
tumor will behave in all respects like an
adrenal tumor. Therefore, when no pathology has been demonstrated for the
adrenals, the ovaries should always be explored surgically before the adrenals are
approached.
The differentiation between adrenal
hyperplasia and a virilising tumor is made
on the basis of the laboratory findings.
The tumor may sometimes be localized by
radiological investigation.
Treatment:
(a) Virilising bilateral adrenal hyperplasia is •t reated by cortisone or hydrocortisone, or their synthetic equivalents. These suppress ACTH production, and hence the abnormal adrenocortical activity. The maintenance
dose should be continued throughout
life.
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(b) Virilising adrenal tumor is treated by
surgical removal.
(c) Female pseudohermaphroditism requires plastic surgery to reconstruct
the external genitalia, and, wherever
possible, this should be done about
the age of t hree or four years; in
addition, treatment for the adrenal
hyperplasia by corticoids is continued
throughout life.
Occasionally female pseudohermaphroditism is due to an elevated maternal level of androgenic hormones
in the early stages of gestation, when
sexual differentiation occurs. This is
also found with excessive use of synthetic progestins in the treatment of
threatened abortion. These pseudohermaphrodites will have normal 17ketosteroid excretion, and will require no treatment other than surgical reconstruction of their external
genitalia. (9) (to)
Prognosis:
The patient who is treated early and
adequately will lose all manifestations of
the syndrome within a year, apart from
any change in the voice and abnormalities
in growth.

m

PRIMARY ALDOSTERONISM

Historical Introduction
This syndrome was first reported by
Conn in 1955. <~ > An increasing number
of cases are being diagnosed as the syndrome becomes more widely recognized.
Etiology and Pathogenesis
The syndrome is the manifestation of
overproduction of aldosterone only by the
adrenal cortex.
Pathological Anatomy
A unilateral tumor, which may be benign or malignant, of the mineralo-corticoid producing cells of the adrenal cortex.
Occasionally diffuse adrenocortical hyperplasia.
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Clinical Picture
Hypertension.
Severe muscular weakness and .transient
paralysis.
Attack of tetany.
Chvostek and Trousseau signs present.
Polydipsia and polyuria.
Laboratory Findings

Electrolyte.. metabolism:
hypokalemia,
hyperoatremia, alkalosis.
Urinalysis: normal except for low fixed
gravity about 1.010.
Kidney Function and Clearance Tests :
normal.
Hormone A u ay: normal 17-ketosteroids
and 17-hydroxysteroids, greatly increased secretion of aldosterone.
E. C. G. : will show changes characteristic
of hypokalemia - namely, a small T
wave, prolongation of the Q-T interval
and S-T depression .
Radiology : may demonstrate an adrenal
tumor.
Differential Diagnosis:
Essential or malignant hypertension.
Myasthenia Gravis.
Familial periodic paralysis.
Hysteria.
Potassium-losing nephritis.
The electrolyte findings will suggest the
diagnosis, which is confirmed by the hormone assay.
Treatment
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Tumors of the Adrenal Gland
JOHN COLLINS, '60

INTRODUCI"ION
Tumors of the adrenal gland may be cortical, medullary or secondary. Since
the cortex is epithelial; mesoderm, adenoma and carcinoma are seen. Adrenal
medullary tumors may be of several types, depending on the type of cell seen in
the growth. Benign cortical hyperplasia does not enter this classification of
tumors since it may be a secondary response to excess pituitary stimulation, and
in some cases the clinical signs are suppressed by cortisone.
While not common, adrenal tumors are important because of the distressing
clinical symptoms produced by the tumor composed of functioning cells.

I. ADRENAL CORTICAL TUMORS

Pathology

Incidence

1. Adrenocortical Adenoma

Asymptomatic adrenal cortical tumors
are usually benign. About 35% of adult
autopsies include apparently symptomless
nodules in the adrenal cortex. Almost all
of those tumors, with only on-hormonal
symptoms due to pressure and metastases,
are malignant. About half of the hormone-producing tumors are malignant.
Tumors arising in adrenal rests from testicle to kidney may produce an identical
clinical picture.

This is a benign growth which varies
greatly in size, from one to two hundred
grams. In the gross it appears to be a yellow or brown circumscribed mass. On cut
section the cortex consists only of the
outer yellow layer, without the inner
brown layer which is characteristic of benign hyperplasia. Atrophy of the opposite
adrenal cortex and of uninvolved ipsilateral cortex is constant. The degree of
atrophy depends on the size of the functioning tumor. On microscopic examination the cells resemble zona glomerulosa
in appearance and in structure, but variations in ·t he architecture are seen in each
tumor.

Clinical Features
1. Those tumors which do not produce
significant amounts of hormone produce
symptoms due to their size or to metastases. They are often inoperable at first
diagnosis. There may be abdominal or
loin pain, malaise, weight loss and fever.
A mass in either flank may be palpable,
which must be differentiated from kidney
by intravenous pyelogram, and from
spleen by anterior abdominal palpation.
2. Those tumors which produce hormones present with the clinical features of
Cushing's syndrome or the Adrenogenital
syndrome, or varying degrees of each.
These subjects are covered elsewhere in
this symposium.
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2. Adrenocortical Carcinoma

This malignant growth may be identical
in gross appearance to benign adenoma.
On microscopic examination it may be
glandular or anaplastic. It is differentiated from an adenoma by three features .
These are (1) invasion of the capsule,
(2) invasion of veins and (3) metastases.
Spread is direct, into the kidney. If the
adrenal gland is destroyed in this instance,
the growth may seem to take origin in the
kidney. One must keep in mind that carcinoma of the kidney invariably leaves the
adrenal gland intact.
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Differential Diagnosis
1. The twenty-four hour urinary 17hydroxycorticoids are progressively more
elevated from adenoma to benign adrenocortical hyperplasia to carcinoma. However, there is a considerable overlapping
of the limits.

2. The eight hour intravenous ACTH
test. Here there is a resultant increase in
the 17-hydroxycorticoids in the urine only
if benign hyperplasia or benign adenoma
are the causes. Carcinoma usually functions
autonomously, thus does not respond to
ACTH.
3. ACTH Suppression tests done with
the patient on low sodium intake. One
milligram of 9-alpha-fluorohydrocortisone
is given four times daily for two days. On
the third day the 17-hydroxycorticoids are
reduced fifty percent or more in benign
hyperplasia.
4. The twenty-four hour urinary 17ketosteroids may be low in the presence of
adenoma, elevated by benign hyperplasia
and very high in the presence of adrenocortical carcinoma. There is no reduction
of the values after suppression of ACTH
with 9-alpha-fluorohydrocortisone in adenoma and carcinoma.
5. A concurrent high urinary output of
estrogens and dihydroepiandrosterone is
suggestive of carcinoma.

6. Cortisone may suppress the 17ketosteroids in the urine in benign hyperplasia.

after which the patient is essentially normal.
2. Adrenocortical Carcinoma

These should be removed along with all
resectable extensions, but metastases occur
early to lung and liver. Radiation is of
doubtful benefit. Symptoms of excess hormone are often produced by functional
implants growing post-operatively. The
overall prognosis is grim, but occasional
five-year survivals are seen.

II. EXTRACORTICAL ADRENAL
TUMORS
Classification
1. Those in which the cells or their
precursors can be stained with potassium
bichromate.
(a) chromaffinoblastoma
(b) chromaffinomas
(c) paraganglions

2. Tumors of sympathetic nervous
tissue.
(a) sympathogoniomas
(b) neuroblastomas
(c) ganglioneuromas
All of these growths are composed of
various cell-types which may be mixed, so
they are classified on the basis of the predominant cell-type. Of the first group,
only the chromaffinomas and paragangliomas (collectively termed phaeocbromocytomas) are of sufficient importance to be
discussed. Those tumors with less mature
cells are generally more malignant, and
seen in a younger age group.

Treatment and Prognosis

Phaeochromocytoma

1. Benign Adenoma

1. History

Removal of the gland harbouring the
growth is indicated. The danger of
adrenal crisis is great, since the remaining
gland is atrophied and hormone coverage
before and during surgery is essential.
Replacement therapy is required during
the period of recovery of the remaining
gland, which may last up to one year,

An adrenal medullary tumor was first
described by Berdoz in 1892. Labbe in
1927 found the association of a paraganglioma with hypertensive paroxysms. In
1927 C. H. Mayo described a cure of intermittent paroxysms of hypertension after
removing a palpable tumor of the adrenal
medulla.
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Adrenal and extra-adrenal chromaffin
cells arise from the primary sympathetic
neuroblasts. Those tumors which arise
within the adrenal gland produce mainly
noradrenalin and give rise to a syndrome
including intermittent paroxysmal hypertension. Extra-adrenal tumors or paragangliomas produce mainly adrenalin and
are associated with a syndrome including
metabolic effects of adrenalin with a
milder hypertension.
2.

3. Pathology
Grossly the tumor is lobulated, vascular
and well encapsulated. They are usually
unilateral although one in six may be bilateral or extend to the aorta. The cut
surface is yellowish-brown and may show
evidence of cystic or hemorrhagic degeneration. On microscopic examination the
tumor cells appear large and irregular
with a granular cytoplasm. There are
numerous thin-walled blood vessels, and
the growth is supported by a fine connective tissue stroma.

Attacks may be triggered by emotional
stresses, or exercise. Pressure on the tumor
may set off an attack, as may a mild fasting hypoglycemia. The frequency of the
attacks follows a cyclical pattern. They
may be numerous for a period of several
weeks, then decline in frequency for
months or more. The attacks are sudden
in onset, and last from minutes to hours
before passing off. Frequently a state of
anxiety is persistent.
Sustained hypertension of a milder degree is characteristic of those tumors
which cause metabolic changes, due to predominance of adrenalin. Paroxysmal attacks are not seen in these patients. They
may present with mild hypertension, intermittent glycosuria, anxiety neurosis, a
consistently elevated basal metabolic rate,
or other signs of hyperthyroidism in the
presence of a normal radioactive iodine
pickup.
In both the paroxysmal and the metabolic type, about one-third of the tumors
are palpable. Cutaneous neurofibromatosis may be seen in about five percent of
cases.

4. Clinical Picture
The two essential features of every case
are hypertension and metabolic changes.
The degree of metabolic change in general
is greater with a milder hypertension,
since the relative amounts of noradrenalin
and adrenalin produced by each tumor are
reciprocal.
Hypertension may be intermittent or
sustained. Paroxysmal attacks are characterized by .tachycardia, palpitation, headache, vertigo, chest pain, sweating, blanching, tremor and disorders of consciousness. There may also be anxiety, nausea
and vomiting, diarrhea, circumoral pallor,
dilated pupils, blurred vision and spotty
paraesthesiae. The blood pressure during
an attack may reach a systolic level of
three hundred or more. Acutely severe
increases in the blood pressure may be
accompanied by cerebral hemorrhages,
pulmonary edema or secondary shock.
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5. Diagnosis
(a) Adrenolytic agents: Benzodioxane,
Dibenamine and Rogitine have proved
most poular as adrenergic agents in testing for phaeochromocytoma. A dose of 5
milligrams of Rogitine given intravenously
has a transient depressant effect on the
blood pressure of normal and essential
hypertensive patients of less than 30/ 30.
In patients suffering from phaeochromocytoma the depression is greater than
35/25 sustained for several minutes. False
negatives and false positives do occur. The
latter may be caused by a variety of sedatives (Rauwolfia derivatives and barbiturates, which depress the sympathetic nerve
pathways) . Thus there should be an interval of twelve to twenty-four hours before
doing the test after the administration of
barbiturates, and an interval of two to
four weeks after Rauwolfia derivatives.
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(b) Provocative Test. Histamine phosphate is administered in a dose of 0.01 to
0.025 mg. intravenously. In the normal
individual there will be a flush, headache
and a slight fall in blood pressure. A positive test of phaeochromocytoma is a rise of
at least 80/ 40, often after a slight fall in
blood pressure within two minutes. False
positives may occur in histamine-sensitive
individuals, and false negatives may occur
in about thirty percent of cases, when the
tumor is resistant to the stimulating dose.
It is wise, in view of the possible disastrous results of a sudden severe increase in
blood pressure, to avoid the provocative
test in patients with cerebral or retinal
symptoms of hypertension. It is also advisable to have an adrenolytic agent at
hand during the provocative test, hence
the common practice of combining the
two tests. The results of histamine injection, which is performed first, are the
same, but when the adrenolytic agent is
injected immediately after the peak effect,
the fall in blood pressure should bring
the levels back to what they were before
the injection of histamine, or slightly
lower. Oviously none of these tests should
be performed during an attack, nor are
they valid then.

(c) Excretion of Urinary Catechol
Amines. An increase of over five micrograms of adrenalin equivalent per day is
associated with most cases of phaeochromocytoma. At present fluorometric techniques are being developed to measure the
urinary catechol amines more accurately.
(d) Pre-sacral air insufflation may outline a tumor, which when pressed, sets off
a typical attack. The basal metabolic rate
and urinary analysis of glucose may be
suggestive.

6. Differential diagnoJi.I
Anxiety neurosis is usually eliminated
by positive findings in one or more of the
above procedures. Essential hypertension
is not intermittent, and blood pressure
JANUARY,
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readings are usually higher than in the
sustained hypertension associated with
some phaeochromocytomas. The radioactive iodine pickup and the proteinbound iodine will be increased in thyrotoxicosis. The glycosuria may suggest
diabetes, but blood sugar readings are
within normal limits. However, the two
diseases not infrequently co-exist, and suspicion should be aroused by diabetic retinal findings far more severe than the
other features of the disease. Any combination of the symptoms of anxiety neurosis, thyrotoxicosis, essential hypertension
and diabetes should be suspect.
Renal causes of hypertension may be
eliminated by an intravenous pyelogram.
If renal biopsy is performed, ·t here will be
glomerular hyperemia, with hypertrophy
and degenerative changes affecting the
renal arteries (where essential hypertension is associated with similar changes in
the renal arterioles . There has been a
case reported of an adrenocortical adenoma which presented clinically as a
phaeochromocytoma, but showed the histological features of a so-called aldosteronoma.
7. Treatment

Surgical removal of the tumor is indicated. An adrenolytic agent should be
given pre-operatively (e.g. Rogitine 50
mg. every three to six hours) as prphylaxis against a catastrophic rise in the
blood pressure during surgery. A slow infusion of 25 mg. Rogitine in 500 mi. of
5% dextrose in water, at a rate determined by the blood pressure during surgery is further insurance against this.
Precipitant fall in the blood pressure
must be prevented after surgery. A 500
ml. solution of 5% dextrose in water
should be started intravenously, which includes a vasopressor ( 4 mg. of noradrenaalin hydrochloride, or 5mg. of neosynephrine, or 10 mg. of Vasoxyl) and 100
mg. of hydrocortisone for a synergistic
effect. For prolonged hypotension, 25 mg.
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of ephedrine sulphate given orally every
three to four hours is useful. The overall
prognosis is good.

eyes, ecchymosis of the palpebrae, increased intra-cranial pressure, papilledema and
frequently blindness.

Sympathogoniomas

A third type is rare, and presents with
extensive bony metastases and extreme
anemia similar to pernicious anemia. This
has been termed the Esser-Helwig type.

These tumors are made up of the least
mature cells, hence are extremely malignant, and very rare. They occur during
intrauterine or neo-natal life. Grossly they
are a large, soft hemorrhagic growth with
a hemorrhagic and necrotic cut surface.
On microscopic examination rosettes and
clusters of small cells with small round
nuclei and a narrow rim of cytoplasm, are
found, separated by strands of connective
tissue. Usually the cell is beyond the
sympathogine to the transitional stage in
its development into a neuroblast. Diagnosis is usually suspected on the basis of
early metastases to lung, liver, retroperitoneal lymph nodes and skeleton. Surgical removal is indicated if feasible.

These tumors must be differentiated
from Wilm's tumor of the kidney, Chloroma, Ewing's Sarcoma, Hand-ChristianSchuller disease and lymphosarcoma of the
retroperitoneal lymph nodes.
The treatment is surgical if the diagnosis is made early enough. Surgical palliation by removal of portions of the tumor
growth may be feasible. They are insensitive to radiation.

Ganglioneuromas
Neuroblastoma
These are of two pathological types.
The first is undifferentiated, and the cells
resemble the sympathogones described
above. The second type shows a differentiated cell of the spindle, early nerve or
unipolar variety. These are very rare, occur
in adults and are not locally invasive, but
metastasize early.
Undifferentiated neuroblastomas
of
childhood may be described as Pepper or
Hutchinson types. The Pepper type occurs
at three to eleven weeks of age, but is
often congenital, and presents as marked
abdominal enlargement in the absence of
jaundice or ascites. They are very malignant, and metastasize so readly that the
entire liver is involved at the time of
diagnosis.
The Hutchinson type occurs in older
children averaging six years of age. They
present with a palpable abdominal tumor,
and metastasize early to the bony skeleton,
dura mater, lungs and mediastinal lymph
nodes. Clinically there may be swelling
of the skull, exophthalmos of one or both
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These are the most highly differentiated
of the sympathetic nerve tumors. They
are composed of mature ganglion cells and
medullated or non-medullated nerve
fibres . They are benign and small, rarely
are symptomatic, and are usually found at
autopsy. However, there may be more undifferentiated malignant areas, in which
case the growth presents as a neuroblastoma.
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Abstracts
THE PHYSIOLOGICAL BASIS OF
CONSCIOUSNESS
- Russel Brain. Brain- ]. of Neurology,
81 :426, 1959.
In this article Brain gives a critical review of the literature on Consciousness.
He begins by listing the 6 meanings that
the word "consciousness' may have.
The central reticular system appears to
be directly related to the maintenance of
consciousness. Lemniscal pathways conduct specific sensory stimuli to primary
receiving areas in the cortex. Medially
situated systems in the brain stem conduct
stimuli of different sensory qualities to
wide areas of the cortex by diffuse projection from the medial, central and the
intra-laminar nuclei of the thalamus.

a time when conduction in the lemniscal
pathways is unaffected . Direct stimulation
of the central reticular formation desynchronizes the EEG in a manner simulating
awakening from sleep or alerting to attention.
The signals from the sense organs must
be treated differently when we attend to
them and when we do not. There are two
possible explanations for this: 1) The
content of the afferent signals is suppressed on the way up to the cortex.
2) The content of the afferent signals is
suppressed at the cortex.

The lateral lemniscal pathways are concerned with the conduction of sensory impulses which contribute to the perception,
recognition, localization and quantitative
discrimination of stimuli, while the medial
pathways are concerned with the initiation
and maintenance of t he conscious state.

The restriction of sensory stimuli by
closing the eyes, relaxing the muscles, etc.,
which we adopt in order to induce sleep
may well have a central effect of depressing the reticular activating system which
in turn depresses cortical activity and the
cortex then depresses all sensory afferents.
Awakening may then occur by a sufficiently strong stimulus which puts into reverse the chain reactions upon which
sleeping depends.

At present it is thought that anaesthetics block the central reticular form ation at

-G. Oliver, '60

OCULAR MANIFESTATIONS OF

INTERNAL CAROTID ARTERY
OCCLUSION
H. Gordon, Br.

J.

Ophth., 43 :257, 1959.

50 cases of internal carotid artery occlusion were reviewed and it was found that
10 cases had ocular symptoms.
The case histories of these 10 patients
are reported, the ocular symptoms are
described and their pathogenesis is discussed.
JANUARY,
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Sudden loss of vision in the ipsilateral
eye was found in 4 patients. 9 had a
homonymous field defect. 4 had pupillary
abnormalities. In 1 patient with a complete block of the right internal carotid
and right hemiplegia the pupillary reactions were sluggish. In another patient
with a complete block of the left internal
carotid the pupils were irregular and the
left was larger than the right. In the
third patient with a partial occlusion of
the right internal carotid and a history
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--Abstracts--------------------of syphilis the pupils were irregular, unequal in size and did not react to light.
The fourth patient had a slight unilateral
ptosis as a part of Horner's Syndrome.

Four patients had disturbances of extra
ocular motility and in 2 patients bruits
over the eyes could be heard.
-G. Oliver, '60

THE SURGICAL MANAGEMENT OF
FUNCfiONAL ADRENAL HYPERCORTICISM

of ketogenic secretion, B.P., weight prior
to and 3 months after operation.

R. C. Querton, J. W . Overstreet, R. V.
Ford, A.M.A. Arch. of Surgery, 79:5 Nov.
1959.
This is a report on bilateral adrenalectomy for functional hyperadrenocorticism
(an earlier phase of Cushing's Syndrome).

Materials and Methods
One male and fifteen female patients
with varying degrees of hypercorticism
were used, vital statistics of whom are
presented in a table. The criteria for bilateral total adrenalectomy in this group
have been (1) An increase of three times
the normal excretion of 17-ketogenic steroids following ACTH stimulati"on, (2)
Failure of medical management.
The clinical data concerning the 16
patients have been summarized in terms
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Results
Pre- and post-operative photographs are
shown to demonstrate typical examples of
the two broad groups of the series, namely, general hypercorticism and hypertension with associated adrenal hyperresponsiveness.
The B.P. in pre-operative states averaged 170/ 107, the post-operative B.P. was
120/ 80. Body weight pre-operatively averaged 204 pounds and 3 months post-operatively averaged 171 pounds. The patient
who was operated on primarily for masculinizing tendencies with abnormal menstrual periods and gross enlargement of
the clitoris has experienced a return of the
menstrual cycle to normal and a 50% reduction in the size of the clitoris in less
than 3 months. At the end of 3 months
the average dose of hydrocortisone required was 7 mgjday.

-G. Oliver, '60
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